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Abstract Dams disrupt the natural flow of water and sediment along rivers. Reservoirs trap a significant
amount of sediment, which substantially alters downstream hydrology, channel morphology, and sediment
transport capacity. The longitudinal recovery of suspended sediment concentration (SSC) along rivers is
potentially a new metric for estimating downstream responses to dams over space, rather than time, but is rarely
quantified due to the lack of spatial SSC data. Satellites can estimate SSC along rivers where no field data exist
and provide a high enough spatial resolution for assessing downstream recovery at the scale of tens to hundreds
of kilometers. Here, we use a recently published database of spatially explicit SSC observations derived from
Landsat to quantify if a river recovers or not, the SSC recovery percentage, and SSC recovery length
downstream of large dams across the Contiguous United States (CONUS). Rivers recover SSC downstream of
most dams (71%). The chance of a river recovering and the length of river required to recover SSC is associated
primarily with the size of the reservoir (mean storage, km®) and the size of the river (mean discharge, m*/s).
Rivers were more likely to recover SSC downstream of run-of-river, navigation dams compared to large storage
or hydropower dams. Our results suggest that rivers typically recover suspended sediment downstream of dams,
influenced by factors like dam storage, purpose, and river channel characteristics.

1. Introduction

A fundamental function of rivers is to move sediment downstream (Phillips, 2010). A river's ability to move
sediment is important for maintaining dynamic stability and supplying coasts with sediment (Nienhuis
et al., 2020; Syvitski et al., 2005). Reductions in riverine sediment loads can lead to “hungry waters” eroding
riverbeds and banks (Kondolf, 1997), while increased sediment loads lead to deposition, potentially changing
channel form and raising riverbed elevations, which can increase risk of flooding. Human activities, such as land
use change and direct river management alter sediment loads (Dethier et al., 2022; Syvitski et al., 2005), but dams
are the most significant disruptor of riverine sediment transport (Best, 2019). Dams and their reservoirs intercept
and trap over 25% of the global sediment load (Vorosmarty et al., 1997, 2003), leading to substantial changes in
downstream hydrology, channel morphology, and sediment transport capacity (Graf, 2006; Milliman & Farns-
worth, 2013). The natural flow of most large rivers is now influenced by dams, with 63% of the world's longest
rivers (>1,000 km) no longer free-flowing, accounting for 41% of worldwide river volume (Grill et al., 2019).
Furthermore, if proposed and ongoing hydropower projects move forward, natural flows will be altered for 93% of
river volume worldwide by 2030 (Kotzé, 2022). Given the global significance of dams in riverine sediment
transport, we need a better understanding of how rivers adjust and recover downstream of dams using metrics that
can be applied globally including data sparse regions.

Work on the downstream impacts of dams has largely focused on pre- and post-dam construction over time
(Petts, 1979), while we have fewer observations and understanding of how rivers change over space above
reservoirs and below their dams. Past work of how rivers respond to dams over time using both upstream and
downstream measurements focused on changes in channel form and sediment properties, such as bank erosion
rates, textural modification of river bed sediments, and changes in channel width and depth (Brandt, 2000a; Grant
et al., 2003; Kondolf, 1997; Williams & Wolman, 1984). Dams reduce riverine sediment loads before and after
dam construction with sediment trapping efficiencies of large reservoirs often close to 99% (Williams & Wol-
man, 1984) but ranges from 10% to 90% for smaller dams (Brune, 1953; Moragoda et al., 2023). One of the few
studies on downstream SSC changes over space compared sediment loads before dam construction to 2—3 points
downstream of a dam after its construction for a few Western US dams. They found sediment loads often did not
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recover to pre-construction loads or required 200-1,300 km to recover (Williams & Wolman, 1984). SSC or
discharge are rarely available before and after dam construction, but we can leverage satellite records to study
rivers' downstream response to dams over space in the decades following dam construction.

Satellites, specifically Landsat, has proven capable of estimating SSC in rivers over the decades (Beveridge
et al., 2020; Dethier et al., 2022; Gardner et al., 2023a, 2023b; Gholizadeh et al., 2016; Pavelsky & Smith, 2009;
Ritchie et al., 1987; Yepez et al., 2018; Zhang et al., 2014). Spatial SSC observations along rivers can be used to
develop new metrics for downstream response to dams. Here, we focus on longitudinal SSC percent recovery and
recovery length. We define longitudinal SSC percent recovery by comparing SSC downstream of dams to SSC
upstream of reservoirs and longitudinal SSC recovery length as the distance from the dam to where recovery is
~100%. We focus on SSC because suspended sediment dominates the total sediment load in large river systems
(Cohen et al., 2021; Li et al., 2022; Sadeghi & Singh, 2017; Walling & Webb, 1986) and can be estimated with
satellites.

We used a new SSC database derived from Landsat 5, 7, and 8 that is linked to US river hydrography with to-
pology, RivSed (Gardner et al., 2023a, 2023b), to quantify longitudinal SSC recovery downstream of large dams
across large US rivers. SSC, instead of suspended sediment load, was the focus for quantifying percent recovery
and recovery length since our goal was to use a spatial metric that can be applied in any large river in the US using
RivSed, and globally with ongoing development of this database. River discharge is not currently available as
spatial data. Further, discharge tends to increase downstream, and therefore sediment load will obscure signals of
sediment recovery due to changes in sediment concentration as discharge dominates calculations of load
(Hoffman et al., 2023). Here, we offer proof of concept of a new, spatially explicit approach to quantify longi-
tudinal SSC recovery over space downstream of dams using long-term mean SSC observations in the period after
dam construction

Our questions are:

(1) How common is longitudinal SSC recovery downstream of large dams?
(2) What is the downstream length required for longitudinal SSC recovery?
(3) What are the factors that influence longitudinal SSC recovery and recovery length?

2. Data and Methods
2.1. Suspended Sediment Concentration (SSC)

To best determine if rivers recover SSC downstream of dams over space, we need a time-integrated signal that is
spatially explicit along rivers, therefore we focus on long-term mean SSC. The database RivSed uses Landsat 5, 7,
and 8 images and a single machine learning algorithm trained on >28,000 coincident field and satellite obser-
vations (Ross et al., 2019) to estimate SSC at reach scales represented by National Hydrography Data set Plus
Version 2 (NHDPIusV2) centerlines (Moore & Dewald, 2016a, 2016b). Currently, RivSed is a cohesive 34-year
record (1984-2018) at each reach (~2 km river lengths on average) with 15.9 million SSC observations in total
which we collapsed into long-term mean SSC at each reach. The RivSed algorithm has a mean absolute error
(MAE) of 12 mg/l, Root Mean Square Error of 29 mg/I and a prediction range of 0.6-2,228 mg/L, but note MAE
and relative bias are the preferred metrics for validation of remote sensing of water quality, particularly pa-
rameters that can span several orders of magnitude such as SSC (Seegers et al., 2018). There are many limitations
to RivSed and remote sensing of SSC in general (see Gardner et al., 2023a, 2023b for further discussion), such as
Landsat can only observe SSC near the surface of the water column. Our questions do not require depth-integrated
SSC as we are not quantifying sediment flux nor volumes of eroded material. Here we are only comparing
longitudinal gradients using long-term mean SSC; therefore, limitations in accuracy and bias of remotely sensed
SSC are overcome by quantifying relative spatial change in SSC using millions of observations (Narayanan
et al., 2023).

2.2. Dam Database

Our primary source of information on dams was the National Anthropogenic Barrier Dataset (NABD; Ostroff
etal., 2013). NABD spatially links the point data set of the 2009 National Inventory of Dams (NID) from the U.S.
Army Corps of Engineers to NHDPlusV2. NABD was merged with NHDPlusV2 and RivSed. However, it is
important to note that this data set comprises various dam types, such as dikes, saddle dams, side dams, etc.
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Figure 1. Schematic diagram for suspended sediment concentration (SSC) recovery. The SSC ratio is the ratio of SSC of the
river segment just downstream of the dam to reference SSC upstream of the reservoir. SSC ratio is ~1 for case 1, as SSC
downstream of dam and SSC upstream of the reservoir are similar whereas SSC ratio for cases 2 and 3 are less than 1 as
downstream SSC is smaller than upstream SSC.

(Renwick et al., 2005). Thus, we developed specific criteria to filter the primary dam, which releases water and
sediment from its reservoir to the downstream river (Moragoda et al., 2023). Dams were selected for further
analysis based on the following criteria: only large dams were selected, which we define as dams with height
greater than 15 m, dam storage greater than 12 km?, and river width greater than 60 m so that it can be captured by
Landsat (spatial resolution of 30 m). Among 231 dams that fit the criteria mentioned above, only 109 dams were
chosen for further analysis as the other dams had insufficient Landsat-derived SSC data points. Dams with fewer
than 15 downstream SSC observations were omitted from the analysis to ensure enough spatial coverage to
observe longitudinal SSC patterns and its potential recovery. The average age of the analyzed dams is 70 years
and only two started operation shortly after 1984, therefore the long-term mean SSC from 1985 to 2018 provides a
river SSC “climatology” after dams have been in place and rivers have likely adjusted to their presence.

2.3. SSC Recovery Percentage and Recovery Length

In order to determine longitudinal SSC recovery downstream of the dam, the SSC values for each river reach
along the free flow length downstream of the dam was compared to an upstream reference SSC. Free flow length
refers to the maximum length of the unobstructed flow of a river downstream of a dam before the river meets a
barrier (i.e., a reservoir of the next large downstream dam which meets the criteria mentioned in Section 2.2, a
larger river with higher mean discharge compared to the reference river, or a terminal outlet at the ocean or
international border). Reference SSC refers to the average SSC value of 10 river reaches just upstream of the
reservoir to reduce bias from any individual reach that may not be representative of the river upstream of the
reservoir due to static river and reservoir reach designation from NHDPlusV2. Longitudinal SSC recovery
percentages of all reaches downstream of dams were calculated with respect to upstream reference SSC. Lon-
gitudinal SSC recovery refers to 100% SSC recovery and its corresponding length from the dam to the point where
100% recovery is achieved is termed as recovery length (Figure 1). We also calculated the maximum longitudinal
recovery percentage defined as the highest percentage of recovered SSC that is reached along the free-flow length
downstream of the dam.

2.4. Factors Affecting SSC Recovery

Dam, channel, and watershed characteristics were collected from different data sources to assess factors related to
the SSC recovery downstream of dams. Dam characteristics, such as dam height (m), dam storage (cubic km), and
dam purpose were obtained from NABD and NID. The change in SSC directly linked to the reservoir was
calculated using the SSC ratio. The SSC ratio is the ratio of SSC of the river segment just downstream of the dam
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compared to the reference SSC upstream of the reservoir. In addition, we obtained several relevant channel
characteristics. Long-term average discharges of river segments from NHDPIusV2, and free flow length was
calculated from adding up NHDPlusV?2 reach lengths. Finally, we obtained relevant watershed characteristics.
Long-term average rainfall, runoff, and land cover metrics over local catchments directly draining all river
segments downstream of dams, but not upstream of the dams, were obtained from the StreamCat data set (Hill
et al., 2016) using land cover metrics from 2001 as a representative year in the middle of the 1985-2018 period
represented in long-term mean SSC. StreamCat catchment level land cover categories were aggregated into six
major categories (Water, Built, Barren, Natural, Agriculture, and Wetland). Land cover data was computed by
averaging the percentage of a specific land cover category across all catchments downstream of the dam
excluding any upstream contribution. Tributary density is determined by calculating the ratio of the number of
tributaries flowing into the mainstem river downstream of a dam over the free-flow length. Meanwhile, the
tributary discharge ratio is computed as the ratio of the cumulative discharge contributed by all these same
tributaries to the total discharge of the river segment located farthest downstream within its free-flow length.

The partial correlations were computed by considering the relation between the dependent variable and an in-
dependent variable, while accounting for the influences of all other independent variables, thus isolating the
specific relationship of interest. Spearman's r correlation coefficient (Lee Rodgers & Nicewander, 1988) was used
to describe the strength of linear relationships between SSC recovery lengths and different dam, channel and
watershed characteristics as a proof of concept that SSC recovery and recovery lengths is associated with channel,
dam, and/or watershed properties. The significance of correlations was tested with two-tailed p-value hypothesis
tests using an alpha level of 0.05. We used the Kolmogorov-Smirnov test to identify whether the same factors
were associated with rivers that fully recovered SSC versus those that did not recover.

3. Results and Discussion
3.1. Suspended Sediment Recovery

Examining the full data set of dams shows that maximum longitudinal SSC recovery percentage varied widely,
from 21% to over 750%, with an average of 140%. The least recovered dam was Falcon dam (21%) on the Rio
Grande, whereas the most recovered dam was Whitney Lake dam (768%) on the Brazos River (Texas). Among
109 dams, 71% (77 dams) fully recovered and 95% of dams (104 dams) had at least 50% recovery of SSC
downstream.

Recovery lengths for fully recovered rivers range from 0 km to around 390 km, with an average length of 54 km
(Figure 2). The Amistad dam on the Rio Grande had the longest recovery length (390 km). The result shows that
more than two-thirds of fully recovered rivers had a recovery length less than 50 km, and only 15% of fully
recovered rivers had a recovery length greater than 100 km (Figure 2). Most river segments on the Ohio and
Mississippi Rivers recovered quickly, with full recovery lengths less than 5 km. More than 50% of dams in the
Pacific Northwest and South Atlantic regions fully recovered SSC within 20 km downstream. Almost all dams in
the Missouri, Arkansas, Texas, Rio Grande and Northeast regions had full recovery lengths greater than 50 km.
Rivers need space in between dams, on average 54 km, to recover SSC.

3.2. Factors Affecting SSC Recovery Length

We found SSC recovery length is influenced more by channel properties and dam characteristics compared to
catchment scale properties. Using partial correlation analysis of recovery length versus five independent variables
(dam height, dam storage, long-term mean river discharge, free flow length, and tributary discharge ratio) showed
dam storage and river discharge were significantly correlated with SSC recovery length (Figure 3). However, dam
height, free-flow length, and tributary density were not significant when accounting for the effect of all five
independent variables simultaneously. This suggests as reservoir size increases and river size decreases, it is more
likely to require a longer distance downstream of dams for SSC to return to pre-reservoir concentrations.

Many other factors are likely related to SSC recovery length but become statistically insignificant in partial
correlations analysis given the inherent relationship among many hydrologic variables. Therefore, we also
conducted simple correlations between SSC recovery length and influencing factors to discuss the complex inter-
relationships among factors and SSC recovery. We focus interpretation on the direction of the relationship,
positively or negatively correlated, to contextualize our results within existing knowledge of downstream
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Figure 2. Map of dam locations and suspended sediment concentration recovery lengths for dams with 100% recovery. Blue
circles are dams with the shortest recovery lengths, while dams with the highest recovery lengths are shown in red circles.

response to dams. This provides further proof of concept that our estimates of SSC recovery percent and recovery
length from satellites have hydrogeomorphic meaning and provide a new metric to assess downstream SSC
recovery over space.

Dam height and reservoir storage were positively correlated with SSC recovery length (r = 0.26 and 0.34,
respectively). Large reservoirs usually trap a significant amount of sediment, releasing only a fraction of sediment
to the downstream reaches (Brandt, 2000b). Glen Canyon, one of the tallest dams in the US, never fully recovered
SSC downstream, and it took more than 430 km to recover 75% of upstream SSC. Similarly, rivers impacted by
other large dams such as Yellow Tail, Summersville, Hells Canyon, and Wolf Creek recovered just a fraction of
upstream SSC (Table 1).

Dam purpose is also likely related to SSC recovery length, but dam purpose is often linked to reservoir storage or
dam height as well. Dams built for navigation purposes are typically run-of-river dams (Remo et al., 2016) that
can pass fine sediment and have relatively lower dam height and storage compared to hydropower and flood
control dams (Figure 4). Out of 109 dams, 38 dams listed navigation as one dam purpose, and the average height
of these navigation dams was 36 = 19 m, lower than non-navigation dams (53 + 33 m). The average recovery
length for non-navigation dams (75 £ 88 km) was more than three times the length of navigation dams
(21 £ 61 km). To demonstrate the impact of dams and their purpose, we show a case study of the Missouri and
Ohio Rivers (Figure 5). In the Missouri River, reservoirs behind large dams caused large decreases in SSC
resulting in smaller SSC ratios. The SSC value just downstream of the dam was a small fraction of the reference
SSC, and long river lengths were required to recover SSC. Conversely, the run-of-river dams along the Ohio River
do not have significant impoundments and likely trap little sediment considering the significantly higher SSC
ratios compared to large storage reservoirs (Figure 5).

Another factor that influences the SSC recovery downstream of dams is the length of uninterrupted river flow or
free flow length. Free flow length had a statistically significant positive correlation recovery length (r = 0.68)
(Figure 6). Rivers gradually collect sediment from different sources moving downstream such as bed scouring,
river bank erosion, sediment from smaller tributaries, and soil erosion from adjacent catchments. The longer the
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Figure 3. Partial correlation of suspended sediment concentration recovery length and different variables.
free flow length, the higher the chance of SSC recovery downstream. Gavins Point dam (Missouri River), with a
free flow length of 1,280 km recovered more than 600% of SSC 1,060 km downstream. The shortest free flow
length of 44 km was observed in Hartwell dam (Savannah River) which recovered 68% of SSC. Among 38
navigation dams, only 8 dams did not fully recover SSC, 2 of which had a recovery percentage greater than 98%.
The SSC recovery of the remaining 6 navigation dams was limited mainly due to insufficient free flow lengths.
Since free flow lengths were defined by river reaches without confluences with rivers larger than itself, our
analysis suggests in- and near-channel sediment sources and erosion may be an important sediment source to
downstream SSC recovery.
We found the weakest simple correlations between catchment scale factors and SSC recovery length, but the
direction of the relationship agrees with previous studies. We found tributary density had a statistically significant
negative correlation (r = —0.31) with SSC recovery length (Figure 6). Tributaries have potential to disrupt the
Table 1
Examples of Suspended Sediment Concentration Recovery Percentage and Recovery Length From Select Large Dams (NR = Not Recovered) With Heights Greater
Than 75 m
Dams (River) Dam height (m) Dam storage (km>) Recovery percentage (corresponding length in km) Recovery length (km)
Glen Canyon (Colorado River) 216 36.8 75% (431) NR
Yellow Tail (Bighorn River) 160 1.76 36% (117) NR
Summersville (Gauley River) 119 0.51 97% (17) NR
Hells Canyon (Snake River) 100 0.230 58% (222) NR
Wolf Creek (Cumberland River) 79 7.51 34% (116) NR
Amistad (Rio Grande River) 87 6.33 100% (390) 390
Bull Shoals (White River) 86 6.67 100% (249) 249
PRAJAPATI ET AL. 60f 13
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Figure 4. Boxplots showing the distribution of (a) recovery length, (b) dam storage, and (c) dam height for navigation (orange
box) and non-navigation dams (blue box).

longitudinal patterns of SSC of the main river by changing both discharge and SSC (Ghosh, 2022). Higher
tributary density often leads to an increased SSC in the main river channel as more tributaries mean more
sources of sediment (Rice & Church, 2001). Conversely, the tributary discharge ratio, which is the ratio of the
cumulative discharge contributed by all tributaries to the total discharge of the river segment located farthest
downstream within its free-flow length, showed a statistically significant positive correlation (r = 0.40) with
SSC recovery length. This implies that higher tributary discharge is associated with reduced SSC in the main
channel, which could be attributed to the dilution effect. SSC recovery length had very weak positive corre-
lations with natural (r = 0.20), and agricultural land cover percent (r = —0.17) (Figure 6). Agricultural and
natural land uses were the dominant land use categories in the catchments represented by river segments
downstream of major dams. More than 90% of dams had a dominant land cover type of “natural” in their local
catchments, and only 8% of dams were dominated by agricultural land cover, therefore we may not have a
representative sample of different land covers. The direction of the correlations are logical however, as soil
erosion rates are typically highest on agricultural land and lowest on natural land (Nigatu, 2014; Tadesse
et al., 2017). Our findings are consistent with the observations that the impacts of dams on hydrology, geo-
morphology, and ecology occur largely directly up and downstream of dams and diminish moving downstream
(Jacobson & Galat, 2008; Pyron & Neumann, 2008).

3.3. Factors Affecting SSC Recovery

In addition to factors affecting recovery length, we also tested if the same factors were associated with rivers that
fully recovered SSC versus those that did not recover using the Kolmogorov-Smirnov test. Discharge, dam
storage, SSC ratio and free flow length were associated with significant differences in recovered and non-
recovered rivers (Figure 9), whereas rainfall, runoff, dam height, and natural and agricultural land covers were
not associated with significant differences between the two groups. In general, recovered rivers had higher river
discharge compared to non-recovered rivers. The average river discharge for non-recovered rivers was 261 m*/s,
ranging from 13 to 1,524 m%/s, whereas the river discharges for recovered rivers varied widely from 1.27 to
5,502 m*/s with an average value of 1,102 m*/s (Figure 7a).

Rivers with discharge greater than 500 m®/s typically recovered SSC downstream (Figure 8). The average
reservoir storage for recovered rivers was 1.10 km®. Compared to 2.59 km® for non-recovered rivers. In the case of
the SSC ratio, recovered rivers had higher ratios (average = 0.69 L 0.33) than non-recovered rivers
(average = 0.36 & 0.33). Larger dams with larger reservoir volumes can trap more sediment resulting in lower
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Figure 5. (a) Map of Mississippi river basin showing the longitudinal variation of the suspended sediment concentration
(SSC) (log 10 of SSC) along the mainstem of Missouri River and Ohio River. Large dams are shown as yellow markers.
Graph showing the longitudinal variation of the SSC along the mainstem of (b) Missouri River and (c) Ohio River. For both
graphs, vertical axes represent the logarithmic transformation of SSC (mg/l) and horizontal axes are the distance from the
river mouth (km). Blue dots represent free river reaches (River) and the orange dot represents impounded river reaches
(Reservoir). Select dams are shown as red stars. The black horizontal arrows point to the flow direction of the rivers.

SSC ratios; therefore, recovered rivers had lower reservoir storage and higher SSC ratios. The threshold SSC ratio
for SSC recovery was 0.60 (Figure 8). The ability of rivers to recover SSC downstream of dams may also depend
on the free flow length. The average free flow length for non-recovered rivers was 196 km, ranging from 44 to
1,222 km, while the free flow length for recovered rivers varied from 47 to 1,875 km with an average value of
251 km. Rivers that longitudinally recover SSC downstream of US dams, are likely to be larger rivers, with higher

discharge, sediment carrying capacity, and have longer unobstructed free flowing rivers downstream to collect
more sediment.

4. Conclusions

Our study shows that rivers, surprisingly, recover surface SSC downstream of most dams (71%) analyzed here,
but the likelihood of recovery and recovery length is dependent on dam storage, dam purpose and river char-
acteristics. Rivers showed a greater tendency for SSC recovery downstream of run-of-river or navigation dams
compared to large storage or hydropower dams. While dams cause an irreversible reduction in SSC or sediment
load over time (Kondolf, 1997) until the dam is removed, dams typically do not cause irreversible reductions over
space given that most rivers recover SSC (71%) at some point downstream. It is crucial to clarify that the concept
of “longitudinal recovery of SSC” downstream of a dam does not refer to restoration to SSC before dam
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Figure 6. Heatmap showing the simple correlation matrix for longitudinal suspended sediment concentration recovery
lengths and potential factors that influence recovery length. Blue and red represent positive and negative correlation values
respectively. Statistically significant correlation values (alpha value 0.05) are shown in bold letters.

construction, but rather over space upstream of the reservoir using the long-term mean river SSC in the period
after dam construction.

Unrecovered rivers could be in a chronic sediment deficit state, which might cause bank erosion. Dam-related
sediment deficit coupled with river channelization by levees might cause substantial streambed incision
(Remo et al., 2009, 2016). The recovery of suspended sediment affects channel migration and geomorphic sta-
bility of rivers (Jurotich et al., 2021) which is critical for the protection of infrastructure near rivers. Downstream
sediment balance over time and space is desirable to achieve geomorphic stability and rehabilitate river eco-
systems (Schmidt & Wilcock, 2008). Our spatially explicit SSC observations provide a new approach to quantify
SSC downstream recovery in large rivers. The 40-year Landsat record provides a time-integrated and network
scale perspective of SSC changes along rivers.
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Figure 7. Most important factors associated with suspended sediment concentration (SSC) recovery. Boxplots show factors
with significant differences (alpha = 0.05) in (a) Discharge, (b) Dam storage, (c) SSC ratio, and (d) Free flow length in

recovered versus non-recovered rivers. The median value is shown as a black line inside the box.
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Figure 8. Scatter plots of the suspended sediment concentration (SSC) ratio as a function of river discharge. Orange and blue
dots represent dams with SSC recovered and SSC non-recovered dams respectively. There was a statistically significant
correlation (alpha = 0.05).
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Figure 9. Conceptual diagrams showing factors affecting suspended sediment concentration recovery downstream of the dam
in recovered (left) and non-recovered (right) rivers.
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